Costs of maintenance and operation are important part of the Life cycle costs. This paper describes development and validation of a new model for predicting average annual costs of maintenance and operations for the University buildings in Osijek with similar building characteristics. The model is developed based on historical cost data records obtained from 13 University buildings in Osijek for time period of 12 years starting from 1998. The model was tested at two new sets of data, in buildings outside of Osijek. The proposed operating and maintenance costs model requires reduced amount of data for predicting annual maintenance and operations costs of University buildings of similar building characteristics and highlights statistically significant data required for costs prediction. The model contains only few elements but yet can predict operating and maintenance costs. The proposed model enables maintenance and operations cost estimates already at the initial design phase.
Introduction
Usually all participants in construction devote attention primarily to reduction of construction costs. Participants are seldom devoted and pay any attention to reduction of maintenance and operations cost of facilities and as even more important to cutting down the life cycle costs of new and existing facilities [1] . Some participants in construction (for example architects and designers) have at their disposal a large number of different models and methods for assessment and scheduling of construction costs, but on the other hand there is a limited number of models and methods for planning future costs of facilities during the usage phase [2] . Life cycle costs are the total costs of a building or its parts throughout its life, including the costs of planning, design, acquisition, operations, maintenance and disposal, less any residual value [3] . LCC perspective has proved to be most meaningful during the design phase where the possibilities of cutting down the costs related to operation and maintenance are large [4] . One potential use of LCC analysis is its use as a predictor of facility cost performance [5] . It has been reported that most of the LCC of a product are committed during the design stage [6] .
Research conducted in the USA provided the following information: Annual costs increased by an average 4,5.% [7] ; Maintenance can be defined as a work necessary to maintain the original anticipated useful life of fixed asset [8] . Facilities operations account for 50.% to 75.% of the facilities budget [8] . In developed economies, approximately 50.% of financing in construction is accounted for operating and maintenance costs and those costs per annum may amount to 3.% of the initial capital cost of the building, for example nearly 50.% of all construction output in the UK during 1997 was spent on repair and maintenance [9] . From total construction related investments in Sweden in year 2002 approximately 37.% were costs of maintenance and repair [10] . Maintenance and operations costs of University facilities and other public facilities with similar function in Croatia are mostly covered by public finance. It is therefore extremely essential to plan and manage the above mentioned costs and to take into consideration some peculiarities of public buildings [11] :
• Low or zero real discount rates, reflecting the particular nature of public works projects as social rather than investment capital;
• "Cradle to grave" (life cycle) or long periods of analysis;
• Low or zero income/revenue flows;
• Selection of systems and components based principally on their longevity/durability;
• Sustainability performance (with a particular emphasis on environmental and societal impacts).
In order to analyse and predict maintenance and operations costs of buildings at the University of Osijek or buildings of similar building characteristics and purposes it is necessary to develop predictive models of these costs which are not possible without forming a suitable database of independent and dependent variables that can be statistically processed. There are several cost categories that should be taken into account when budgeting LCC, those costs are costs of acquisition, maintenance, operation, management, disposal and demolition, and eventually residual value of the facility at the end of its life [12] . According to ISO 15686: WLC consists of non-construction-costs, incomes and LCC ( Fig. 1) [13] . This cost structure was also applied in this paper. Maintenance and operations costs are costs of statutory periodic inspections, costs of replacing degraded materials and elements, costs of periodic works and repairs, costs of reactive maintenance and operating costs [1] . There are various data requirements for carrying out LCC analysis (Fig. 2) and these different types of data influence the LCC in different stages of the life cycle [14] . Required data should be collected and processed in an appropriate way to facilitate the implementation of the LCC analysis. Throughout the years numerous life cycle cost models have been generated. But none of those models has been commonly accepted. There are a great deal of reasons for not having a commonly accepted model, including the users preference, the presence of various systems of cost data gathering, and many different types of equipment, appliance, or systems [15] . There are two basic flaws of existing LCC models and models for predicting maintenance and operations costs: low prediction accuracy of costs and restrictions associated with different stages of buildings life cycle [16] . Various models comprise different types of costs depending on the accepted cost structure where we distinguish two types of models. First type of cost models are those where maintenance and operations costs cannot be derived, and second type of cost models are those where maintenance and operations costs are easily derived. 
Figure 2
The required data categories for a LCC analysis [14] Analysis of LCC method and existing maintenance and operations cost models revealed the following: -Maintenance and operations costs represent most important part of buildings life cycle costs; -Current models mostly are not based on historical cost documents; -Models that are based on historical cost documents are mainly developed based on available cost structure, and not on predetermined cost structure; -There are no adequate databases containing evidence about maintenance and operations costs that could be used for future research to update or improve existing models of the University buildings in the eastern European countries; -There is no groundwork for data classification; -There is no simple model for predicting maintenance and operations costs based on building attributes, operational arrangement and user characteristics; -Model developed by Flanagan et al. in 1989 [17] is a computational complex, and besides that, it does not have the possibility to determine the share of individual groups of costs in the total life cycle costs; -Model developed by Sobanjo in 1999 [18] assumes that all maintenance and operation costs occur annually; -Model developed by Kirkham in 2002 [19] is applicable only to hospital buildings, second model they developed is used only for sports facilities [20] ; -Model developed by Adeli & Sarma in 2006 [21] is used only for steel construction.
Considering all stated above and the fact that there are no models that can be used for predicting maintenance and operation costs of university buildings this paper explores the possibility of creating the new maintenance and operation cost model based on historical cost records of university buildings.
Objectives
Research presented in this paper is exploring the possibility of gathering information related to building characteristics and occupational characteristics of facilities at the University of Josip Juraj Strossmayer in Osijek. Further on it explores the possibility of gathering data related to maintenance and operation costs. Research presented in this paper was conducted by utilizing information gathered from buildings at the University of Osijek. There are no reliable data about buildings construction cost -most of them are older than 60 years and majority of them are part of architectural heritage (some of them were built during 19 century) so their removal or demolition is not a valid option. Considering stated above the research is focused on exploring the possibility of predicting and optimizing operation and maintenance costs as an integral and important part of LCC.
Buildings at the University of Osijek are unique for several reasons: -They are located across the town of Osijek; -Most of the buildings were built before 1950s; -They are considered as public buildings whose maintenance and operations costs are financed from the public budget; -There is a specific operational scenario, which is characterized by waste amount of users during the year, but there is also an extremely small number of users during a brief period of year (summer break);
This research provides the following information: -Possibility of collecting historical data on maintenance and operations costs of buildings at the University of Osijek; -Data about actual historical maintenance and operations costs of these buildings; -Development of maintenance and operations costs database; -Identification of significant groups of costs in overall maintenance and operations costs of buildings at the University of Osijek; -Definition of statistically significant independent variables required for defining mathematical model that could be utilised for prediction of maintenance and operations costs of buildings at the University of Osijek.
Methodology
Information necessary for this survey was collected by using a questionnaire sent to all institutions at the University.
Data regarding general building characteristics and operational -usage characteristics, considering occupants were requested. Information about maintenance and operations costs were gathered by using predetermined cost data structure. Analysis of collected data enabled the formation of data base containing maintenance and operations costs based on historical data records. Historical records have already been used in some studies in order to predict and plan building characteristics or certain types of costs [22] . Data were collected for time period of 12 years starting from year 1998. The reason for choosing this time period rather than a longer one was avoidance of costs incurred related to war destruction in Croatia during period from 1991 to 1995.
The questionnaire was sent to constituents of the University and consisted of four parts:
Part 1: General building characteristics (Data regarding building's age, time period in which the building has been used for University purposes, overall surface area, etc.) Part 2: Facility maintenance data (Data regarding buildings facility maintenance, facility manager that is responsible for the facility maintenance activities, existence of a maintenance strategy, number of users in the future, etc.) Part 3: Building operational characteristics (Data regarding buildings regions and their corresponding areas, total area of buildings, number of shifts, number of users, number of staff and students, etc.) Part 4: Maintenance and operations costs were classified in five groups, for each group various costs categories were proposed, but there was the possibility to enter new cost categories if missing/needed in existing cost categories. Data were collected for Statutory periodic inspections costs, Life cycle replacement costs, Costs of periodic works and repairs, Costs of reactive maintenance and Operation costs. After collecting data the following problems occurred: in some buildings activities are performed by two faculties, some faculties have buildings outside of Osijek and the third problem were the faculties whose activities take place in several buildings across the town. Since the target of this research were complete buildings, the first problem was solved by adding up data regarding costs and average number of users of both faculties, because information about functional surface area is the same for both faculties and in further research those buildings were treated as one facility. Second problem was solved by declining cost data of buildings outside of Osijek. And finally the third problem was solved because accounting offices were able to provide separated costs depending on faculties locations.
In conformity with collected data total nominal annual maintenance and operation costs were calculated. In order to determine average nominal annual maintenance and operation costs of the University buildings those total nominal costs were divided by time period for which data were obtained (reference period). The same procedure was applied in order to get average number of users i.e. students and staff. Other independent variables did not change during the observed time period e.g. number of shifts, buildings surfaces areas, storeys number etc. Among constituents that delivered requested data (13 constituents, 87 % of all constituents of the University) there were also data that were fragmentary, i.e. cost records were not given at all or they were specified only for some of the requested cost categories. Part of constituents delivered only data regarding operational characteristics and operational policy. According to these data it was resolved which buildings can be used in forming the database. Essential requirement to be satisfied in order to consider data sufficiency for entering database was completeness of data in questionnaires what at the end lead to the fact that 76,92 % of all obtained questionnaires were accepted. Number of years for which requested data were obtained ranged from 4÷12 years ( Fig. 3) , this information about time period for which data were obtained was called the reference period. Independent variables list was established based on literature review and previous research of related subject. Selected independent variables can be considered relevant for defining independent variables and they represent potential variables of buildings maintenance and operation costs predicting models. Dependent and independent variables database was established based on statistical analysis in order to obtain descriptive statistics information and basic statistical parameters of dependent and independent variables (Tab. 1). All costs are in kunas, 1€ = 7,53 kn on June 27. 2012 [23] . Formed database in Tab. 1 was applied for statistical processing and application of regression analysis. The null hypothesis is that the model for predicting maintenance and operations costs will have no explanatory power.
Reasons to apply regression models were [24] : 1) Descriptive -form the strength of the association between outcome and factors of interest, 2) Adjustment -for covariates/cofounders, 3) Predictors -to determine important risk factors affecting the outcome, 4) Prediction -to quantify new cases. In many problems there are two or more variables that are related, and it is of interest to model and explore this relationship, the relationship between these variables is characterized by mathematical model called a regression model [25] . Regression analysis goal is creation of mathematical model that can be used to predict the values of a dependent variable based on values of one or more independent variable [26] . Some problems arrived when regression analysis was applied at the defined database: -The choice of only relevant variables among all possible independent variables; -Such choice of variables frequently causes appearance of correlation between variables, and may lead to a greater number of selected variables than sample size.
Problem of variable selection is a known problem of regression analysis because selected model should contain only the important variables and no more, with minimal prediction error [27] . Therefore, if it is unknown which variables are not needed, any set of variables must be based on gathered data. In other words, variables are chosen or deleted based on statistics such as p-values (statistical significance) of coefficients estimated by the data being analysed [28] . In this research multiple regression analysis and Stepwise procedure were applied in order to determine significant variables of models. The success of this method is highly dependent on p-values for deciding on addition and elimination of variables [28] . For this purposes software SAS8.1® was applied.
The value of the p-value represents a decreasing index of the reliability of a result, the higher the p-value, the less we can believe that the observed relation between variables in the sample is a reliable indicator of the relation between the respective variables in the population [29] . The value of the p-value in this research was 0,05 and it indicates that there is a 5.% probability that the relation between the variables found in sample is accidental. The p-value of 0,05 is customarily treated as a "border-line acceptable" error level [29] . Statistical significance is defined at level of 5.% and indicates probability that some other measurement will yield difference between new measurement and sample that is slight, less than 5.% [30] . Random sampling from identical population would give difference at the same level or less than 95.% of cases and bigger difference would be expected in only 5 % of population.
Results that yield p ≤ 0,05 are considered borderline statistically significant, results that are significant at the p ≤ 0,01 level are commonly considered statistically significant, and p ≤ 0,005 or p ≤ 0,001 levels are often called "highly" significant [29] . But it is important to keep in mind that these classifications represent nothing else but arbitrary conventions that are only informally based on general research experience [29] .
In testing hypotheses it is easy to be confused by the distinction between statistical significance and practical importance, a statistically significant result may be of little practical importance [31] . Due to this fact for further analysis variables with p ≤ 0,08 were also considered. Since it is found that statistically significant variables exist the null hypotheses that model has no explanatory power now can be rejected (Tab. 2). Performed Stepwise procedure granted analysis of various potential models for calculating and predicting maintenance and operations costs of the University buildings (Tab. 3). Proposed models are given together with their related coefficient of determination (R 2 ), adjusted coefficient of determination (R adj 2 ) and related independent variables. Given the relatively small sample size, although all University buildings were included in this research, for further considerations were taken only models with a maximum of 3 variables (Tab. 3). As a model selection criterion some of the above mentioned values could be applied but it is important to keep in mind that R 2 cannot decrease as independent variables are added to the model and the model that gives maximum R 2 will necessarily be the model that contains all independent variables [27, 32] . Thereby instead of applying R 2 it is advisable to apply R adj 2 which does not always increase as variables are added to the model and attempts to estimate what the prediction error would be on new data [32, 33] . No subset model will have an R adj 2 larger than that of the full model, which includes all predictor variables, but there may exist subset models with R adj 2 values that are nearly equal to that of the full model [34] . Values applied as model selection criterion are listed below and presented in table 4 together with related independent variables Predicted residual sums of squares (PRESS), Root mean square error of cross validation (RMESCV), R 2 & R adj 2 . PRESS is calculated via a leave one out cross validation where each sample is left out of the model formulation and predicted once [35] .
Values from table above can be sorted ascending according to R adj 2 from smallest to largest and then present graphically in order to observe range of optimal predicted residual sums of squares values (Fig. 4) . It should be also noted that R adj 2 tends to stabilize around some upper limit as variables are added and the simplest model with R adj 2 near this upper limit can be chosen as the "best" model [32] .
Since PRESS is used to RMSECV that represents measure of a model's ability to predict results on new samples and stable R adj 2 values the next three maintenance and operations costs models will possibly have the greatest prediction power among others and need further considerations:
Results
Based on the conclusions from previous chapter and results of stepwise regression analysis three maintenance and operations cost models were developed with related regression coefficients. By applying those models it is possible to calculate average annual nominal maintenance and operations costs (MOC) of the University facilities expressed in Croatian national currency or in Euros. First model uses only one independent variable for cost predictions, Hallways area (A H ) expressed in m 2 : 
where B a stands for building age and A H is an overall hallways area of building expressed in m 2 . One must also consider how well the model predicts response values that were not applied in development of the candidate models (test data). In order to avoid overfitting, an independent test set is preferred. In this paper one out validation was applied. The downside is that this procedure does not use all the available data and the results are highly dependent on the choice for the training/test split [36] . For validating purposes presented models are tested on test data, i.e. buildings outside the city of Osijek. When applying models on test data it is important that new variables range is within the limits of variables range used for defining regression coefficients (training set). Otherwise it is possible to get completely inaccurate results of prediction [25] . First step that needs to be taken before applying models on test data is to check if variables of test data set are within the limits of training data variables (Fig. 5) . Since new variables range is within the limits of variables range used for defining regression coefficients of proposed models (Fig. 5) it is possible to test models on test data. The accuracy (A C ) of the cost calculated using the model is the percentage difference between the cost predicted by the model and the actual costs. The closer the value of A C is to zero the more accurate is the model and it can be calculated according to the following expression [37] :
The mean model accuracy ( C A ) for a series of tests is the arithmetic average of A C and can be calculated as:
where n is the number of data sets. Zero mean model accuracy indicates that the model does not, on average, under or overestimate the actual costs [37] . The precision of the model is determined by the scatter of the individual accuracies for a series of buildings in one category. This dispersion is represented by the standard deviation (std) of A C .
The total accuracy (A m ) of the model is [37] :
A C and A m of the models were calculated for test data set and training data (Tab. 5).
Based on the above presented the first model (expression 1 or 2, depending on currency) with one independent variable for cost predictions (hallways area, var7) is selected as a final model for predicting maintenance and operations costs for several reasons: -Minimum values of A m for training data sat (Tab. 5); -Reasonable values of R adj 2 and the lowest value of PRESS of all proposed models (Fig. 4) ; -Variable 7, Hallways area, is significant due to the fact that is expected to be present in all buildings for which the maintenance and operations costs could be predicted with proposed model;
Application of the proposed model for predicting maintenance and operations building costs has several advantages over the existing models: -The first and greatest advantage of applying the proposed model is simplicity, since the model requires a single variable for cost prediction; -Information about overall Hallways area is possible to be obtained at an early design stage of the project and therefore already at this stage, the proposed model enables the assessment of maintenance and operations costs of different building design solutions; -Alteration of this variable provides various design solutions evaluating from the maintenance and operations costs optimization perspective; -By applying the proposed model it is possible to predict an average annual maintenance and operations buildings cost which allows easier comparison and prediction of those costs on an annual or semi-annual level at university level.
The main model limitations are also defined: -For the time being primary main limitation of the model is applicability only to buildings at the University of Osijek. Although applicability was tested at two buildings outside of the city of Osijek and one of them has different purpose it is necessary to test the model on more buildings with the same or similar purpose in Osijek and outside of Osijek in order to prove its applicability.
-When applying the model, it is important that variable hallways area is within the range of variables range used for defining regression coefficients. First step that needs to be taken before applying the model is to check if the variable of new building is within the limits of the variables used in development of the candidate model. 
Conclusion
Even though methods and principles of LCC have been known for many years now, the method is still not widely accepted among all participant of construction, especially during the design phase. Possible reason for this lies in the fact that reliability is often questionable and there is a lack of motivation due to the complexity of the method. The research presented in the paper was aimed at analysing the maintenance and operation costs of buildings with similar characteristics at the University in Osijek. Data were collected using a questionnaire sent to all constituents of the University, general data about the facilities operation and characteristics and data concerning costs of maintenance and operation were requested according to pre-defined cost data structure.
The research found that it is possible to collect necessary data with applied method and the result of research was the creation of database with dependent variables, maintenance and operations costs, and independent variables, building characteristics and operational characteristics that are statistically significant for predicting maintenance and operations costs. The research found that it is possible to create mathematical models for predicting maintenance and operations costs of public buildings at the University by applying the proposed statistical methods. It was found that it is possible to apply multiple regression analysis to develop models for predicting maintenance and operations costs and to use Stepwise method to determine statistically significant variables of the cost models. By applying the model developed in this research it is possible to plan and calculate the maintenance and operational costs of the University buildings for certain time periods.
Presented research analysed which factors can affect maintenance and operations costs. Presented results can indicate importance of those factors already at the design phase of new buildings. Consideration of those factors could lead to the rationalization of maintenance and operations costs of buildings with similar purpose. Further research should be directed at extending maintenance and operations costs database and tests of applicability of proposed model on buildings with similar purposes and buildings at other Universities. Further on it should be extended at various types of buildings regarding their purpose such as residential buildings, commercial buildings and/or industrial buildings, as well as at the types of inspections conducted and the types of errors that affect the functionality of the buildings parts and related costs.
